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Description 

[0001] The present invention relates to an optical film having an antiref lection property and having an optical cor- 
recting property such as a color tone correcting property or a near infrared ray absorption property, and a process for 
5 producing it. 

[0002] For various displays such as a cathode-ray tube (CRT), a visual display terminal (VDT), a liquid crystal display 
(LCD), a plasma display (hereinafter referred to as PDP) and the like, an antireflection film has conventionally been 
provided on a display surface in order to improve the visibility. Further, not only for the displays, but also for various 
optical articles such as windows of architectural structures or vehicles, an antireflection film may be used in some cases. 
w [0003] Such an antireflection film is usually provided as an outermost layer of e.g. an optical article, and consequently 
tends to get external scratches. Optical properties of the film will change if the external scratches remain, and therefore 
it is important for the antireflection film to have good scratch resistance. 

[0004] Further, especially for displays which are likely to emit electromagnetic waves from a display, such as PDP, 
it is requested to shield near infrared rays as heat radiation which are likely to generate a noise for an electronic 
15 equipment, on the viewer's side of the display, and for example,® JP-A-1 0-21 9006 proposes an optical film comprising 
a polyurethane resin layer and a thin film layer having an antireflection property, and having an infrared ray absorption 
property imparted thereto. In© , an infrared ray absorbent is contained either in a polyurethane resin layer or in another 
synthetic resin layer. 

[0005] The polyurethane resin layer in® is made of a thermoplastic polyurethane resin or a thermosetting poly- 
20 urethane resin, which is transparent and has a self-healing property and scratch resistance, and by providing an antire- 
flection thin layer thereon, an antireflection film excellent in scratch resistance can be obtained. 
[0006] However, there has been a problem such that it takes relatively long time to form a layer made of thermoplastic 
or thermosetting polyurethane resin, whereby the productivity tends to be poor. 

[0007] Further, @ JP-A-2000-249804 discloses an antireflection substrate comprising a transparent cured layer of 
25 a photo-curable resin and a low refractive index layer to impart an antireflection property laminated on the transparent 
layer. 

[0008] In @ , the transparent cured layer made of a photo-curable resin can be formed by a simple and highly pro- 
ductive method, and an antireflection substrate excellent in scratch resistance can be obtained with high productivity. 
[0009] By the way, for optical articles performing a color display such as color PDP, in order to improve the image 
30 quality, a color tone correction of a visible light emitted from a screen is requested in some cases. The color tone 
correction of a visible light can be carried out, for example, by letting a light be transmitted th rough a colored transparent 
layer having a property of selectively absorbing a light in a specific wavelength region. Further, as mentioned above, 
it is requested to shield near infrared rays on the viewer's side of a display in some cases depending on the property 
of the display. 

35 [0010] The above @ discloses that e.g. a near infrared ray absorbent or a colorant may be mixed in the photo- 
curable resin. 

[001 1 ] However, it was found that even by incorporating a near infrared ray absorbent or a colorant such as a coloring 
agent into the transparent cured layer of the photo-curable resin to impart a near infrared ray absorption property or a 
color tone correcting property as disclosed in @ , the colorant may be deteriorated by irradiation with ultraviolet rays 
^o for curing the photo-curable resin, therefore no desired optical correcting property can appropriately be obtained. 
[0012] Further, it was also found that a shield of ultraviolet ray shielding by the colorant in the photo-curable resin 
occurs, and consequently, the curing of the photo-curable resin by irradiation with ultraviolet rays is less likely to pro- 
ceed, and it becomes necessary to increase the dose of the irradiation with ultraviolet rays, which decreases the 
production efficiency. 

45 [0013] Under these circumstances, the present invention has been made to overcome the above problems, and it 
is an object of the present invention to provide an optical film having an antireflection property and having an optical 
correcting property such as a color tone correcting property or a near infrared ray absorption property, and being 
excellent in productivity, and a process for producing it. 

[0014] The present inventors have conducted extensive studies on the cause of the deterioration of the colorant by 
so irradiation with ultraviolet rays, and as a result, found that a radical generated in the photo-curable resin at the time of 
the irradiation with ultraviolet rays is a major factor of the deterioration of the colorant. They have further found that if 
the colorant exists without being in contact with the photo-curable resin, the deterioration of the colorant at the time of 
the irradiation with ultraviolet rays can be prevented and the curing of the photo-curable resin is not inhibited. The 
present Invention has been accomplished on the basis of these discoveries. 
55 [0015] Namely, the optical film of the present invention comprises a transparent resin layer (1) made of a photo- 
curable resin having a self-healing property, an antireflection layer (2) present on one side of the transparent resin 
layer (1 ), and a color tone correcting layer (3) containing a colorant which has a color tone correcting property, present 
on the other side of the transparent resin layer (1 ) opposite from the antireflection layer (2). 
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[0016] With respect to the optical film of the present invention, the transparent resin layer (1 ) made of a photo-curabie 
resin can be cured rapidly by irradiation with ultraviolet rays, and accordingly production of the transparent resin layer 
(1) can be performed simply with good productivity. 

[0017] Further, no colorant for color tone correction is contained in the transparent resin layer (1 ) made of a photo- 
5 curable resin, and the color tone correcting layer (3) is provided separately from the transparent resin layer (1 ), whereby 
the deterioration of the colorant by a radical generated in the transparent resin layer (1) at the time of the irradiation 
with ultraviolet rays, can be prevented, and the inhibition of curing of the photo-curable resin by the colorant is also 
prevented. 

[0018] Further, since the transparent resin layer (1) as an undertayer of the anti reflection layer (2), is made of a 
10 photo-curable resin having a self-healing property, the surface of the anti reflection layer (2) is less likely to be scratched, 
and an excellent scratch resistance can be obtained. 

[0019] Further, since the anti reflection layer (2) and the color tone correcting layer (3) are united with the transparent 
resin layer (1) sandwiched therebetween, both of an antiref lection property and an optical correcting property can be 
obtained, good handling efficiency can be obtained and the mounting and processing can be performed easily. 
15 [0020] In the present invention, in the color tone correcting layer (3), a colorant which has a near infrared ray ab- 
sorption property may be contained in addition to the colorant which has a color tone correcting property. With such a 
construction , an optical film having both a property of correcting the color tone of visible light and a property of absorbing 
near infrared rays, can be obtained. 

[0021] In the present invention, the anti reflection layer (2) is preferably made of a non-crystalline fluoropolymer. The 
20 non-crystalline fluoropolymer has a low refractive index, a high transparency and an excellent anti reflection property, 
and by providing a layer made of this material on the transparent resin layer (1 ) having a self-healing property, a good 
scratch resistance can also be obtained. 

[0022] The non-crystalline fluoropolymer is preferably a polymer having a fluorine-containing alicyclic structure. 
[0023] In the present invention, it is preferred to provide an interlayer having a refractive index higher than that of 
25 the transparent resin layer (1), between the transparent resin layer (1) and the antireflection layer (2), whereby the 
anti reflection property may further be improved. 

[0024] The interlayer is preferably one member selected from the group consisting of a layer made of a resin having 
a refractive index higher than the refractive index of the transparent resin layer, a layer made of a metal oxide having 
a refractive index higher than the refractive index of the transparent resin layer, and a layer containing a metal oxide 

30 having a refractive index higher than the refractive index of the transparent resin layer. 

[0025] The process for producing the optical film of the present invention comprises laminating, on a transparent 
substrate, a color tone correcting layer (3) containing a colorant which has a color tone correcting property, a transparent 
resin layer (1 ) made of a photo-curable resin having a self-healing property, and an antireflection layer (2), in this order. 
[0026] By laminating an interlayer and the antireflection layer (2) in this order on the transparent resin layer (1 ), an 

35 optical film having an interlayer can be produced, 

[0027] Otherwise, the process for producing the optical film of the present invention comprises laminating on one 
side of a transparent substrate, a transparent resin layer (1 ) made of a photo-curable resin having a self-healing prop- 
erty, and an antireflection layer (2) in this order, and forming a color tone correcting layer (3) containing a colorant 
which has a color tone correcting property on the other side of the transparent substrate. 

40 [0028] By laminating an interlayer and the antireflection layer (2) in this order on the transparent resin layer (1), an 
optical film having an interlayer can be produced. 
[0029] In the accompanying drawing: 

Fig. 1 is a schematic sectional view illustrating a substantial part of one embodiment of the optical film of the present 
45 invention. 

[0030] The optical film 1 0 of the present embodiment comprises a transparent resin layer 1 , an antireflection layer 
2 provided on one side of the transparent resin layer 1 , and a color tone correcting layer 3 provided on the other side 
of the transparent resin layer 1 opposite from the antireflection layer 2. 
so [0031] Now, the detail will be explained about each layer. 

Transparent resin layer 

[0032] In the present invention, the transparent resin layer 1 is made of a photo-curable resin having a self-healing 
55 property. 

[0033] In the present Invention, having a self-healing property means that "a value of the maximum load measured 
by a HEIDON scratch tester, with which scratches formed by using as a scratcher a diamond chip having a tip diameter 
of 15 nm at 23°C in a relative humidity of 50%, can disappear" (hereinafter referred to as a self-healing degree) is at 
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least 10g. The self-healing degree of the transparent resin layer 1 In the present invention is preferably at least 30g. 
[0034J Further, the transparent resin layer 1 of the present invention has a tensile stress at an elongation of 10%, 
measured in accordance with a tensile test method based on JIS K7127 at 23°C in a relative humidity of 50%, of 
preferably at least 2 MPa from the viewpoint of having a sufficient strength for practical use, preferably not exceeding 
5 30 MPa from the viewpoint of having a sufficient self-healing property. The tensile stress Is particularly preferably from 
2 to 20 MPa. 

[0035] In order to exhibit sufficient self-healing property of the transparent resin layer 1 , the thickness of the trans- 
parent resin layer 1 is preferably at least 1 0 ujti, and in order to conduct photo-curing efficiently, it is preferably at most 
1 ,000 urn. It is particularly preferably from 20 to 500 ujti. 

w [0036] The photo-curable resin constituting the transparent resin layer 1 of the present invention, is a composition 
containing a photopolymerizable monomer and a photoinitiator as essential components, and undergoes curing by 
irradiation with electromagnetic waves such as ultraviolet rays to form a cured product having a self-healing property. 
[0037] The photoinitiator is a material which gets excited by absorbing a light energy, and generates a radical to 
initiate the polymerization reaction of the photopolymerizable monomer. 

15 [0038] As a polymerization reaction site of the photopolymerizable monomer, e.g. an acryloyl group, a methacryloyl 
group, a vinyl group, an allyl group, a mercapto group or an amino group may be mentioned. Particularly, an acryloyl 
group and a methacryloyl group have high reactivity and are preferred. 

[0039] Specific examples of the photopolymerizable monomer include unsaturated polyester, epoxy acrylate, ure- 
thane acrylate, polyester acrylate, alkyd acrylate, silicone acrylate, polyene/polythiol type spiran, amino alkyd, hydrox- 
20 yethyl acrylate and vinyl ether. Among them, particularly one having a low shrinkage ratio at the time of the curing is 
preferred, specifically, urethane acrylate is preferred. These monomers may be used as a mixture of two or more of 
them. 

[0040] As the urethane acrylate, one made from a non-yellowing polyisocyanate compound is preferred. As the non- 
yellowing polyisocyanate, 4,4 , -methylenebis(cyclohexyl isocyanate), isophorone diisocyanate, cyclohexane diisocy- 

25 anate, tetramethylene diisocyanate, hexamethylene diisocyanate, for example, may be mentioned. 

[0041 ] In the present invention, the curing shrinkage ratio of the transparent resin layer 1 is preferably less than 1 0%, 
and more preferably at most 8%. If the cure shrinkage ratio is less than 1 0%, no warpage tends to be formed on the 
optical film 1 0, and particularly when the optical film is used as stuck to a display surface of various displays or other 
parts, the handling for sticking become efficient. 

30 [0042] Here, the cure shrinkage ratio is a value expressed by {((density after curing) - (density before curing))/(density 
before curing)} x 100 (%). 

[0043] As the photoinitiator, a cleavage type photoinitiator such as benzoin ether, 1 -hydroxycyclohexyl phenyl ketone, 
2-methyl-1-(4-(methylthio)phenyl)-2-morpholinopropane-1-one or 2,2-dimethoxy-1,2-diphenylethane-1-one, a hydro- 
gen plucking type photoinitiator such as benzophenone, thioxanthone, xanthone, 2-chlorothioxanthone, Michler's ke- 

35 tone, 2-isopropylthioxanthone, benzyl, 9,10-phenanthrenequinone or9,10-anthraquionone may, for example, be men- 
tioned. These photoinitiators may be used as a mixture of two or more of them as the case requires. 
[0044] The amount of the photoinitiator to be incorporated is determined by the type of the photopolymerizable mon- 
omer and the thickness of the transparent resin layer 1 , and is preferably from 0. 1 to 1 0 parts by weight per 1 00 parts 
by weight of the total amount of the photopolymerizable monomer. Further, in order to impart additional properties to 

40 the photo^urable resin, a light stabilizer, an antioxidant, an ultraviolet ray absorbent, an antistatic agent or the like 
may be mixed in the photo-curable resin to the extent of not preventing the curing and not deteriorating the elasticity. 
[0045] The method for preparing the photo-curable resin is preferably such that a photopolymerizable monomer and 
a photoinitiator are mixed and stirred at a temperature at which no gelation takes place, until a uniform solution is formed. 
[0046] A light source to cure the photo-curable resin may be any device capable of generating a wavelength con- 

45 tributing to the curing reaction efficiently, such as a low pressure mercury lamp, a high pressure mercury lamp, a super 
high pressure mercury lamp, a metal halide lamp, an ultraviolet laser, an electrodeiess discharge lamp or an electron 
beam. 

[0047] The method to form the transparent resin layer 1 may, for example, be a method of coating a support by 
means of a coating method such as dip coating, roll coating, spray coating, gravure coating, comma coating or die 

50 coating, followed by curing by irradiation with ultraviolet rays. Further, a method of covering the coated surface coated 
by any of the above methods, with a covering material having a smooth releasing surface and having a good trans- 
parency to the light for irradiation such as ultraviolet rays, so that the smooth releasing surface of the covering material 
contacts with the coated surface, followed by irradiation with a light such as ultraviolet rays for curing, may also be 
used. The latter method is a preferred method, since an unfavorable effect on the curing due to oxygen or water in the 

55 air can be inhibited at the time of the photo-curing, and a transparent resin layer 1 having a smooth surface can be 
obtained as well. The light such as ultraviolet rays may be irradiated through the covering material or from the other 
side of the covering material. The covering material may be any material so long as it has good transparency to the 
light for irradiation, and having a smooth releasing surface, and is preferably a film made of a transparent polymer 
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material, at least one side of which not subjected to an adhesion facilitating treatment, or at least one side of which 
subjected to a release treatment. For example, a polyester type film, a polyacryl type film, a cellulose type film, a 
polyether sulfone film or a polycarbonate film may, for example, be mentioned, but the film is not limited thereto. Par- 
ticularly, a polyester type film, one side of which not subjected to adhesion facilitating treatment, is preferred. As a 
5 polyester type film, a polyethylene terephthalate film is particularly preferred. By the above-mentioned coating methods, 
continuous processing is possible, whereby the productivity is excellent as compared with e.g. a batch type vapor 
deposition method. Particularly, die coating is preferred since it is excellent in continuous productivity and capable of 
forming a large size film, the film thickness deviation is small, and it can easily be applied to from small scale to large 
scale. 

w [0048] Further, an antiglare layer may be formed on the surface of the transparent resin layer 1 by a method of 
incorporating particles of e.g. a silica sol into the photo-curable resin constituting the transparent resin layer 1, or a 
method of subjecting the surface of the transparent resin layer 1 to embossing. An antiglare layer may be formed also 
by laminating on the transparent resin layer, another transparent layer containing particles of e.g. a silica sol. 

15 Anti reflection layer 

[0049] As a material for forming the antireflection layer 2, a transparent material having a refractive index lower than 
that of the transparent resin layer 1 , is preferably used. In the present invention, the refractive index of the transparent 
resin layer 1 is preferably from 1.45 to 1 .55, and the refractive index of the antireflection layer 2 is preferably at most 
20 1 .36. The difference in the refractive index between the transparent resin layer 1 and the antireflection layer 2 is pref- 
erably from 0.09 to 0.19. 

[0050] The thickness of the antireflection layer 2 is, in order to obtain a sufficient antireflection effect, from 1 0 to 500 
nm, preferably from 30 to 300 nm, more preferably from 50 to 200 nm. 

[0051] In the present invention, as a material for the antireflection layer 2, a non-crystalline fluoropolymer is preferably 
25 used. The non-crystalline fluoropolymer is free from light scattering by crystals and is excellent in transparency. 

[0052] As the non-crystalline fluoropolymer,® a polymer having a fluorine-containing alicyclic structure on its main 
chain, obtained by polymerizing a fluorine-containing monomer having an alicyclic structure, or© a polymer having 
a fluorine-containing alicyclic structure on its main chain, obtained by cyclic polymerization of a fluorine-containing 
monomer having at least two polymerizable double bonds, are preferred. 
30 [0053] Having a fluorine-containing alicyclic structure on its main chain means having a structure wherein at least 
one carbon atom constituting the aliphatic ring is a carbon atom in the carton chain constituting the main chain, and 
a fluorine atom or a fluorine-containing group is connected to at least a part of carbon atoms constituting the aliphatic 
ring. 

[0054] The polymer® having a fluorine-containing alicyclic structure on its main chain, which is obtained by polym- 
35 erizing a monomer having a fluorine-containing ring structure, is known from e.g. JP-B-63-1 8964. Namely, it may, for 
example, be a homopolymer of a monomer having a fluorine-containing alicyclic structure such as perf luoro(2,2-dime- 
thyl-1 ,3-dioxol), or a copolymer of said monomer with a radical polymerizable monomer such as tetrafluoroethylene. 
[0055] The polymer© having a fluorine-containing alicyclic structure on its main chain, which is obtained by cyclic 
polymerization of a fluorine-containing monomer having at least two polymerizable double bonds, is known from e.g. 
40 JP-A-63-238111 and JP-A-63-238115. Namely, it may, for example, be a polymer obtained by cyclic polymerization of 
a fluorine-containing monomer having at least two polymerizable double bonds such as perfluoro(alfyl vinyl ether) or 
perf luoro(butenyl vinyl ether), or a copolymer of a fluorine-containing monomer having at least two polymerizable double 
bonds with a radical polymerizable monomer such as tetrafluoroethylene. 

[0056] Or, it may be a polymer obtained by copolymerizing a monomer having a fluorine-containing alicyclic structure 
45 such as perfluoro(2,2-dimethyl-1 ,3-dioxol) with a fluorine-containing monomer having at least two polymerizable double 
bonds such as perfluoro(allyi vinyl ether) or perfluoro(butenyl vinyl ether). 

[0057] As the polymer having a fluorine-containing alicyclic structure, a polymer having a fluorine-containing alicyclic 
structure on its main chain is suitable, and preferred is one containing at least 20 mol% of monomer units having a 
fluorine-containing alicyclic structure in the monomer units constituting the polymer, from the viewpoint of transparency 

50 and mechanical properties. 

[0058] The polymer having a fluorine-containing alicyclic structure is preferably one having on its terminal a reactive 
group which may undergo chemical bonding or anchor bonding with a material for a layer under the antireflection layer. 
Such a reactive group may, for example, be a hydroxyl group, a carboxyl acid group, an amino group, an epoxy group, 
an acryloyl group, a methacryloyl group, an isocyanate group, a cyano group, a carbamoyl group, a mercapto group 

55 or a vinyl group. 

[0059] The polymer having a fluorine-containing alicyclic structure on its main chain may be commercially available 
as "CYTOP" (tradename) manufactured by Asahi Glass Company, Limited, and any known fluoropolymer may be used 
in the present invention. 
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[0060] Here, in the present invention, in order to increase the adhesion between the transparent resin layer 1 and 
the antireflection layer 2, 1 ) an adhesive layer may be provided between the above layers, or 2) an additive for strength- 
ening adhesion may be added to the antireflection layer 2. With respect to the above item 1), the thickness of the 
adhesive layer is preferably from 1 to 50 nm so as not to deteriorate the optical properties of the optical film 10 of the 

5 present invention, and with respect to the above item 2), the amount of the additive is preferably at most 50 parts by 
mass per 1 00 parts by mass of the non-crystalline fluoropolymer which forms the antireflection layer 2, from the same 
reason as mentioned above. As a material constituting the adhesive layer or additive, the following alkoxysilanes may 
be mentioned, and they may be used alone or in combination as a mixture of two or more of them: Monoalkoxysi lanes 
such as vinyltriethoxysilane, trimethylmethoxysilane, trimethylethoxysilane, dimethylvinylmethoxysilane and dimethyl- 

10 vinylethoxysilane; dialkoxysilanes such as rchloropropylmethyldimethoxysilane, ^chloropropylmethyldiethoxysilane, 
^amlnopropylmethyldiethoxysilane, 7-aminopropylmethyldimethoxysilane, N-p-(aminoethyl)-^aminopropylmethyId- 
imethoxysilane, N-p-(aminoethyl)-Y-aminopropylmethyldiethoxysilane, y-glycidyloxypropylmethyldimethoxysilane, y- 
glycidyloxypropylmethyldiethoxysilane, Y-methacryloxypropylmethyldimethoxysilane, methyl dimethoxysi lane, methyl- 
diethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane, methylvinyldimethoxysilane, methylvinyldiethoxysi- 

15 lane, diphenyldimethoxysilane, diphenyldiethoxysilane, 3,3,3-trifluoropropylmethyldimethoxysilane, 3,3,4,4,5,5,6,6,7, 
7,8,8,8-tridecafluorooctylmethyldimethoxysilane and 3,3,4,4,5,5,6,6,7,7,8,8,9,9,1 0,1 0,1 O-heptadecafluorodecylmeth- 
yldimethoxysilane; and tri- or tetra-alkoxysilanes such as 7-aminopropyltrimethoxysilane, ^aminopropyltriethoxysilane, 
N-^-{aminoethyl)^aminopropyltrimethoxysilane, N-p-JaminoethyO-Y-aminopropyltriethoxysilane, Y-mercaptopropyltri- 
methoxysilane, 7-glycidyloxypropyltrimethoxysilane, rglycidyloxypropyltriethoxysilane, ^methacryloxypropyltrimeth- 

20 oxysilane, y-chloropropyltrimethoxysilane, methyltriethoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane, 
3,3,3-trifiuoropropyltrimethoxysilane, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyltrimethoxysilane, 3,3,4,4,5,5,6,6,7,7, 
8,8,9,9, 10,1 0,1 0-heptadecafluorodecyltrimethoxysiJane, tetramethoxysilane and tetraethoxysilane. 
[0061] As particularly preferred ones which improve the adhesiveness to the transparent resin layer 1 without im- 
pairing the transparency of the antireflection layer 2, the following may be mentioned: rarninopropyltriethoxysilane, 

25 aminopropylmethyldiethoxysilane.Y-aminopropyltrimethoxysilane.Y-aminopropylmethyldimethoxysilane 

thyl)-Y-aminopropyltrimethoxysilane, N-p-(amlnoethyO-Y-aminopropylmethyldimethoxysilane, N-p-(aminoethyl)-y-ami- 
nopropyltriethoxysilane and N-p-(aminoethyl)-Y-aminopropylmethyldiethoxysilane; y-glycidyioxypropyltrimeth oxysi- 
lane, rg'ycidyioxypropylmethyldimethoxysilane, Y-glycidyloxypropyltriethoxysilane and -^glycidyloxypropylmethyldi- 
ethoxysilane, having an epoxy group. 

30 [0082] Further, the surface of the antireflection layer 2 as an outermost layer may be coated with a lubricant to impart 
abrasion resistance within a range of not impairing the antireflection property, or a lubricant may be incorporated into 
the antireflection layer 2. Such a lubricant may, for example, be a pert luoropolyether such as Krytox, tradename, man- 
ufactured by DuPont Inc., DEM NUM. tradename, manufactured by Daikin Industries, Ltd., DAIFLOIL, tradename, man- 
ufactured by Daikin Industries, Ltd., Fomblin, tradename, manufactured by Ausimont Inc., FLONLUBE, tradename, 

35 manufactured by Asahi Glass Company, Limited. 

[0063] The method for forming the antireflection layer 2 is not particularly limited, and any optional forming method 
may be selected. For example, a polymer having a fluorine-containing alicyclic structure is soluble in a fluorine type 
solvent such as perfluorooctane, CF 3 (CF 2 ) n CH=CH 2 (wherein n is an integer of from 5 to 11), CF 3 (CF 2 ) m CH 2 CH 3 
(wherein m is an integer of from 5 to 11) or a fluorine-containing ether, and by coating with a solution of this polymer 

*o by an appropriate coating method, a desired thickness can easily be obtained. 

Color tone correcting layer 

[0064] In the present invention, the color tone correcting layer 3 contains at least a colorant which has a color tone 
<5 correcting property, and may further contain a colorant which has a near infrared ray absorption property. The colorant 
may be either a dye or a pigment. 

[0065] The thickness of the color tone correcting layer 3 is, in order to obtain an adequate optical correcting property, 
preferably from 0.1 to 50 urn, and more preferably from 0.1 to 20 urn. 

[0066] The color tone correcting layer 3 is preferably made of a material comprising a thermoplastic resin which is 
50 soluble in a solvent as the main component and having a colorant which has a color tone correcting property incorpo- 
rated into the main component, or having a colorant which has a near infrared ray absorption property and a colorant 
which has a color tone correcting property incorporated into the main component. 

[0067] As the thermoplastic resin as the main component of the color tone correcting layer 3, for example, a polyester 
type resin, an olefin type resin, a polyurethane type resin or the like may be used. 
55 [0068] The colorant which has a color tone correcting property is used to selectively absorb part of a visible light in 
a specific wavelength region depending upon the purpose of use of the optical film 1 0, to improve the color tone of the 
transmitted visible light. Such a - colorant having a color tone correcting property is preferably one having a narrow 
absorption band in the visible light region and a high transmittance in the other wavelength regions. Specifically, a 
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known organic pigment, organic dye or inorganic pigment of azo type, condensed azo type, diimmonlum type, phthalo- 
cyanine type, anthraquinone type, indigo type, perinone type, perytene type, dioxazine type, quinacridon type, methine 
type, isoindoiinone type, quinophthalone type, pyrrole type, thioindigo type or metal complex type, may, for example, 
be mentioned. Preferred is a colorant having favorable weather resistance and having favorable compatibility or dis- 

5 persibility with the main component in the color tone correcting layer 3, such as a diimmonium type, phthalocyanine 
type or anthraquinone type colorant, and they may be used alone or in combination as a mixture of at least two. 
[0069] The colorant which has a near infrared ray absorption property may, for example, be a polymethine type, 
phthalocyanine type, metal complex type, aminium type, immonium type, diimmonium type, anthraquinone type, dithiol 
metal complex type, naphthoquinone type, indolephenol type, azo type or triallylmethane type compound, but is not 

10 limited thereto. For the purpose of absorbing heat radiation and preventing noises of an electronic equipment, preferred 
is a near infrared ray absorbent having a maximum absorption wavelength of from 750 to 1 ,100 nm, and particularly 
preferred is a metal complex type, aminium type or diimonium type compound. The near infrared ray absorbent may 
be used alone or in combination as a mixture of at least two. 

[0070] When the optical film 10 is used as a film for antiref lection and optical correction for image display devices 
is particularly for PDPs, into the color tone correcting layer 3, one type or plural types of colorants are preferably incor- 
porated so as to selectively absorb and decay extra luminescent color (mainly in a wavelength region of from 560 to 
610 nm) from a discharge gas sealed in the main body of PDP, such as a two component gas comprising neon and 
xenon. By such a colorant construction, of the visible light emitted from the PDP, extra light resulting from light emission 
of a discharge gas is absorbed in and decayed by the color tone correcting layer 3, and as a result, a display color of 
20 visible light emitted from the PDP can be made close to the aimed display color, whereby a PDP device capable of 
displaying natural color tones can be provided. Further, when a colorant which has a near infrared ray absorption 
property is contained in the color tone correcting layer 3, near infrared rays emitted from the PDP are absorbed in the 
color tone correcting layer 3, whereby the noise against an electric equipment can be prevented. 
[0071] The amount of the colorant incorporated in the color tone correcting layer 3 is, from the viewpoint of providing 
25 a sufficient optical correcting property, preferably at least 0.1 mass% in total based on the thermoplastic resin as the 
main component of the color tone correcting layer 3, and from the viewpoint of ensuring the durability and weather 
resistance of the colorant, preferably at most 20 mass% in total based on the thermoplastic resin as the main component 
of the color tone correcting layer 3. It is more preferably from 0.1 to 1 0 mass%. 

[0072] The solvent in which the resin as the main component is dissolved may, for example, be a ketone type solvent 
30 such as cyclopentanone or cyclohexanone, an ether type solvent, an ester type solvent such as butyl acetate, an ether 
alcohol type solvent such as ethyl cellosolve, a ketone alcohol type solvent such as diacetone alcohol or an aromatic 
solvent such as toluene. They may be used alone or as a mixed solvent system comprising at least two types mixed, 
[0073] The method of forming the color tone correcting layer 3 is not particularly limited. For example, a substrate 
is coated with a coating liquid obtained by dissolving the main component and the colorant in a solvent, followed by 
35 drying, whereby a color tone correcting layer 3 in a desired thickness can be formed. As the coating method, dip coating, 
roll coating, spray coating, gravure coating, comma coating or die coating may, for example, be selected. By these 
coating methods, continuous processing is possible, whereby the productivity is excellent as compared with e.g. a 
vapor deposition method of batch type. Spin coating by which a thin uniform coating film can be formed can also be 
employed. 

40 

Production process of optical film 

[0074] The optical film 1 0 according to the present embodiment may be formed in such a manner that on a transparent 
substrate (not shown), the color tone correcting layer 3, the transparent resin layer 1 and the anti reflection layer 2 are 

45 laminated in this order to form the optical film 1 0 integrated with the transparent substrate. Or, it may be formed in such 
a manner that on one side of the transparent substrate, the transparent resin layer 1 and the antireflection layer 2 are 
laminated in this order and the color tone correcting layer 3 is formed on the other side of the transparent substrate to 
form the optical film 1 0 integrated with the transparent substrate. In this case, it is also possible to form the color tone 
correcting layer 3 first and then to laminate the transparent resin layer 1 and the antireflection layer 2 in this order on 

so the other side of the transparent substrate. The transparent substrate is preferably a film or a sheet which is transparent 
and which does not deteriorate the optical property. The transparent substrate may, for example, be a polyethylene 
terephthalate film, a polycarbonate film, a polymethylmethacrylate film, triacetylcellulose film or a glass sheet. 
[0075] Otherwise, the optical film may also be formed in such a manner that on an appropriate substrate, preferably 
on a substrate with a releasing surface, the color tone correcting layer 3, the transparent resin layer 1 and the antire- 

55 flection layer 2 are laminated in this order, then the optical film 1 0 comprising those three layers is separated from the 
substrate. 

[0076] In order to strengthen the adhesion between the transparent resin layer 1 and the antireflection layer 2, prior 
to the formation of the antireflection layer 2, it is effective to apply an active energy ray treatment such as a corona 
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discharge treatment or an ultraviolet ray treatment, or a treatment with a primer, to the surface of the transparent resin 
layer 1 . 

Use of optical film 

[0077] The optical film 10 can be used as a film-like optical article as it is, or used as a component of an image 
display device as stuck to a display surface. It may also be used as a component of a touch panel for an image display 
device, as stuck to a display surface. Further, the optical film 10 can constitute an optical filter for an image display 
device, as it is or as laminated with another transparent substrate. The image display device may, for example, be 

io POP, a cathode ray tube (CRT), a visual display terminal (VDT), a liquid crystal display (LCD), a light emission display 
(LED), an electrochromic display (ECD), an electroluminescence panel or a projection display. 
[0078] It may be used as stuck to another film-like optical article, or may be used as stuck to a window material. Said 
another film-like optical article may, for example, be a polarizing film, a light diffusion film, a phase difference film, a 
Fresnel lens film, a prism lens film or a lenticular film. The window material may, for example, be one for architectural 

'5 structures or one for vehicles. 

[0079] The method to stick the optical film 1 0 to such an optical article is not particularly limited, and a method such 
as adhesion bonding, sticking or heat such as gluing, adhesion, heat sealing may be selected. A tackifying layer may 
preliminarily be prepared on the color tone correcting layer 3 of the optical film 10 or, if the transparent substrate (not 
shown) is integrated with the color tone correcting layer 3, on the transparent substrate. 

20 [0080] By applying the optical film 1 0 to an optical filter for an image display device, such effects that the reflection 
of outside light on the display surface is prevented by the antireflection layer 2, the brightness is improved, and the 
contrast is improved, can be obtained. Further, by the color tone correcting layer 3, it is possible to shield near infrared 
rays emitted from the display, or to improve the image quality by conducting color tone correction of visible light. Further, 
the optical film 1 0 contributes to improvement of the strength of the display surface and prevention of the scattering, 

25 Particularly, the optical film 10 has a high accuracy of optical correction since the deterioration of the colorant is sup- 
pressed during the production process, and has also an advantage in cost because it has a good productivity. 
[0081 ] By applying the optical film 1 0 to a touch panel for an image display device, an antireflection property, a color 
tone changing property for visible light, a near infrared ray absorption property, a protection effect of the display surface 
and the like can be obtained, and besides, since particularly the transparent resin layer 1 has a self-healing property 

30 and has relatively high flexibility and elasticity, a touch panel using this will be one providing good feeling at the time 
of inputting with a finger or with a pen. 

[0082] By applying the optical film 10 to various window materials for e.g. architectural structures or vehicles, it is 
possible to impart an antireflection property, a color tone changing property for visible light, a near infrared ray absorp- 
tion property and the like to the window materials. 

35 

Other preferred embodiment 

[0083] By providing an interlayer (not shown) having a - refractive index higher than that of the transparent resin 
layer 1 between the transparent resin layer 1 and the antireflection layer 2, more excellent antireflection effect can be 
40 obtained. 

[0084] The refractive index of the interlayer is preferably from 1 .55 to 1 .65. The difference in the refractive index 
between the interlayer and the antireflection layer 2 is preferably from 0.19 to 0.29. Further, the difference in the re- 
fractive index between the interlayer and the transparent resin layer 1 is preferably from 0.01 to 0.2, more preferably 
from 0.01 to 0.1. 

45 [0085] The thickness of the interlayer is, in order to obtain a sufficient effect to improve the antireflection property by 
providing the interlayer, preferably at least 50 nm, and in order to obtain a sufficient effect to improve the scratch 
resistance of the antireflection layer 2 by providing the transparent resin layer 1 having a self-healing property under- 
neath the antireflection layer 2, preferably at most 500 nm. It is particularly preferably at most 300 nm. 
[0086] The interlayer is preferably a layer made of a resin having a refractive index higher than the refractive index 

50 of the transparent resin layer, a layer made of a metal oxide having a refractive index higher than the refractive index 
of the transparent resin layer, or a layer containing a metal oxide having a refractive index higher than the refractive 
index of the transparent resin layer. 

[0087] The resin having a high refractive Index is preferably a polymer having an aromatic ring on its main chain or 
side chains, such as polystyrene, poly(2-chlorostyrene), poly(2,6-dichlorostyrene), poly(2-bromostyrene), poly(2,6-di- 
55 bromostyrene), polycarbonate, aromatic polyester, polysulfone, polyethersulfone, polyarylsulfone, poly(pentab- 
romophenylmethacrylate), a phenoxy resin or its brominated product, or an epoxy resin or its brominated product, or 
a polymer containing e.g. a bromine or sulfur element. Further, it Is possible to increase the adhesive property to the 
transparent resin layer 1 or to the antireflection layer 2, by modifying the terminal of such a resin with a reactive functional 
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group. Among the above resins, e.g. a phenoxy resin and an epoxy resin have active functional groups at the terminals 
without modification, and they are preferred from the viewpoint of the adhesive property. 

[0088] As the metal oxide, particularly by using a metal oxide having conductivity, the interlayer becomes one having 
conductivity, whereby an antistatic property can be imparted to the optical film 1 0. In a case where the antistatic property 
5 is required, the metal oxide preferably has a resistivity of from 1 x 1 0 7 to 1 x 1 o 3 Q-m. 

[0089] The metal oxide may, for example, be Sb 2 0 5 , Sn0 2 , ln 2 0 3 , Ti0 2 , Ru0 2 , Yb 2 0 3 , Ag 2 0, CuO, or FeO, and, 
Sb^Os, Sn0 2 and ln 2 0 3 having good transparency and film forming property are particularly preferred. Further, a layer 
made of a metal oxide and an oxide of an alloy of a metal such as Sb or Al, is also preferred, which further increases 
conductivity. 

w [0090] It is also possible to incorporate the above-described resin having a high refractive index or the above-de- 
scribed resin for the transparent substrate into a layer made of a metal oxide in order to improve the film forming 
property, or to incorporate a compound having a functional group which effectively functions for a chemical bonding 
such as an epoxy group, an amino group or a hydroxyl group into the layer in order to impart adhesion. 
[0091] As a method of forming the interlayer, it is preferred to coat the transparent resin layer 1 with an organic 

is solvent solution of a resin having a refractive index higher than the refractive index of the transparent resin layer 1 in 
the same method as the coating in production of the transparent resin layer 1 , whereby the film formation cost is low, 
the coating property is excellent, and the layer can be produced stably. 

[0092] Further, in order to strengthen the adhesion between the transparent resin layer 1 and the interlayer, it is 
effective to preliminarily apply an active energy ray treatment such as a corona discharge treatment or an ultraviolet 
20 ray treatment, or a treatment with a primer, to the surface of the transparent resin layer 1 . 

[0093] Now, the present invention will be described in further detail with reference to Examples. However, it should 
be understood that the present Invention is by no means restricted to such specific Examples. 

EXAMPLE 1 

25 

(a) Formation of color tone correcting layer 

[0094] A colorant liquid A as a material for a color tone correcting layer was prepared as follows. Namely, a polyester 
resin for optical use (O-PET, tradename, manufactured by Kanebo Ltd.) as the main component, was dissolved in 
30 cyclopentanone so that the resin concentration would be 1 0% to obtain a main component solution of a color tone 
correcting layer. 

[0095] To 1 0Og of this main component solution, 0.063g of a red dye (Waxiine Red MP-FW, tradename, manufactured 
by Avecia Ltd.) and 0.0729g of a blue dye (Waxiine Blue AP-FW, tradename, manufactured by Avecia Ltd.) were added, 
followed by stirring until those dyes were completely dissolved to obtain a colorant liquid A. 
35 [0096] A transparent substrate made of a polyethylene terephthalate film having a thickness of 1 00 u.m was coated 
with the colorant liquid A by a bar coater so that the thickness of the dried coating film would be 2 ujti, and made to 
pass through an oven having its temperature adjusted to 120°C for 2 minutes so that the solvent was distilled off to 
form a color tone correcting layer. 

<to (b) Formation of transparent resin layer 

[0097] A resin liquid B as a material for a transparent resin layer was prepared as follows. Namely, 70 parts by mass 
of a non-yellowing type urethane acrylate (UF-8001 , tradename, manufactured by Kyoeisha Chemical Co., Ltd.), 30 
parts by mass of tripropylene glycol diacrylate (ARONIX M220, tradename, manufactured by Toagosei Co, Ltd.) and 
45 3 parts by mass of benzophenone were mixed to obtain a uniform resin liquid B. 

[0098] The color tone correcting layer formed in the above-mentioned Step (a) was coated with the resin liquid B by 
a bar coater, followed by irradiation with ultraviolet rays with a dose of 600 mj/cm 2 by a high pressure mercury lamp 
(120 mW/cm 2 , the distance from the light source to the Irradiated plane: 150 mm, line speed: 2.5 m/min) to form a 
transparent resin layer having a thickness of 0.2 mm without a tuck. 

so 

(c) Formation of interlayer and antireflection layer 

[0099] A corona discharge treatment was applied to the surface layer of the transparent resin layer formed in the 
above-mentioned Step (b), and the surface layer was spin-coated with a solution having a brominated phenoxy resin 
55 (Phenotohto YPB-43C, tradename, manufactured byTohto Kasei Co., Ltd., molecular weight: 60,000, refractive index: 
1 .63) diluted to 2% with cyclohexane (coating condition: 500 rpm x 1 0 sec and 3,000 rpm x 20 sec) to form an interlayer 
(refractive index: 1 .60, film thickness: about 1 00 nm). 

[0100] Then, the interlayer was spin-coated with a solution having a solution of a non-crystalline fluoropolymer(CTL- 
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805A, tradename, manufactured by Asahi Glass Company, Limited) diluted to 2% with a solvent (CT-SOLV1 80, trade- 
name, manufactured by Asahi Glass Company, Limited) (coating condition: 500 rpm x 10 sec and 3,000 rpm x 20 
sec), followed by heating at 140°C for 10 minutes so that the solvent was distilled off to form an antireflection layer 
having a thickness of about 100 nm, to obtain an optical film. 

5 

EXAMPLE 2 

[01 01 ) An optical film was produced in the same manner as in Example 1 except that a different photo-curable resin 

to form a transparent resin layer was used. 
10 [0102] First, a color tone correcting layer was formed in the same manner as in Step (a) of Example 1 . 

[0103] Then, in order to form a transparent resin layer, 50 parts by mass of a non-yellowing type urethane acrylate 

(UF-503LN, tradename, manufactured by Kyoeisha Chemical Co., Ltd.), 50 parts by mass of tripropylene glycol dia- 

crylate (ARONIX M220, tradename, manufactured by Toagosei Co, Ltd.) and 3 parts by mass of benzophenone were 

mixed to obtain a uniform resin liquid C. 
is [01 04] The color tone correcting layer formed as mentioned above was coated with the resin liquid C by a bar coater, 

and irradiated with ultraviolet rays under the same condition as in Step (b) of Example 1 to form a transparent resin 

layer having a thickness of 0.2 mm without a tuck. 

[01 05] An antireflection layer was formed on the transparent resin layer in the same manner as in Step (c) of Example 
1 to obtain an optical film. 

20 

EXAMPLE 3 

[01 06] An optical film was produced in the same manner as in Example 1 except that a photo-curable resin to form 
a transparent resin layer, having a different cure shrinkage ratio, was used. 

25 [0107] First, a color tone correcting layer was formed in the same manner as in Step (a) of Example 1 . 

[0108] Then, in order to form a transparent resin layer, 80 parts by mass of CH 2 =CHOCH 2 CH(OH)CH 2 0 
(CH 2 ) 6 OCH 2 CH(OH)CH 2 OCH=CH 2 (KAYARAD R-167, tradename, manufactured by Nippon Kayaku Co., Ltd.), 20 
parts by mass of CH 2 =CHCO(OE) n OOCH 2 <l>0(EO) m COCH=CH 2l wherein E is a 1 ,2-ethylene group, O is a 1 ,4-phe- 
nylene group, n + m = 4 (KAYARAD R-712, tradename, manufactured by Nippon Kayaku Co., Ltd.) and 3 parts by 

30 mass of benzophenone were mixed to obtain a uniform resin liquid D. 

[0109] The color tone correcting layer formed as mentioned above was coated with the resin liquid D by a bar coater, 
and irradiated with ultraviolet rays under the same condition as in Step (b) of Example 1 , to form a transparent resin 
layer having a thickness of 0.2 mm without a tuck. 

[01 1 0] An antireflection layer was formed on the transparent resin layer in the same manner as in Step (c) of Example 
35 1 to obtain an optical film. 

EXAMPLE 4 

[0111] An optical film was produced in the same manner as in Example 1 except that the laminating order was 
40 changed. 

[0112] First, a resin liquid B was obtained in the same manner as in Step (b) of Example 1. A transparent substrate 
made of a polyethylene terephthalate film having a thickness of 100 u/n was coated with the resin liquid B by a bar 
coater, followed by irradiation with ultraviolet rays under the same condition as in Step (b) of Example 1 to form a 
transparent resin layer having a thickness of 0.2 mm without a tuck. 
« [0113] On this resin layer, an interiayer and an antireflection layer were formed in the same manner as in Step (c) 
of Example 1 . 

[01 14] Then, in order to constitute a color tone correcting layer, a colored layer A were obtained in the same manner 
as in Step (a) of Example 1 . 

[0115] On the other side of the transparent substrate made of a polyethylene terephthalate film opposite from the 
so side on which the transparent resin layer and the antireflection layer were formed, a color tone correcting layer was 
formed in the same manner as in Step (a) of Example 1 to obtain an optical film. 

EXAMPLE 5 

55 [0116] An optical film was produced in the same manner as in Example 1 except that the method of forming the 
transparent resin layer was changed. 

[0117] First, a color tone correcting layer was formed in the same manner as In Step (a) of Example 1 . The color 
tone correcting layer was coated with a resin liquid B prepared in the same condition as In Step (b) of Example 1 by a 
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bar coater, and a covering material made of a polyethylene terephthalate film (thickness: 100 urn), one side of which 
not subjected to an adhesion facilitating treatment, different from the above-mentioned transparent substrate, was 
laminated thereon by using a laminator employing two rolls arranged to have a spacing of 400 u., so that the surface 
of the covering material not subjected to an adhesion facilitating treatment was in contact with the surface coated with 

5 resin liquid B. Then, Irradiation with ultraviolet rays with a dose of 700 mj/cm 2 was carried out by a high pressure 
mercury lamp (120 mW/cm 2 , the distance from the light source to the irradiated plane: 1 50 mm, line speed: 2.0 m/min) 
through the covering material, then the covering material was separated. As a result, a transparent resin layer having 
a thickness of 0.2 mm, having no tuck and having high smoothness was formed on the color tone correcting layer. 
[0118] Then, an antireflection layer was formed on the transparent resin layer in the same manner as in Step (a) of 

10 Example 1 to obtain an optical film. 

EXAMPLE 6 

[0119] An optical film was produced in the same manner as in Example 4 except that the method of forming the 

is transparent resin layer was changed. 

[0120] First, a resin liquid B was obtained in the same manner as in Step (b) of Example 1 . A transparent substrate 
made of a polyethylene terephthalate film having a thickness of 100 urn was coated with the resin liquid B by a bar 
coater, and a covering material made of a polyethylene terephthalate film (thickness: 100 u.m), one side of which not 
subjected to an adhesion facilitating treatment, different from the transparent substrate, was laminated thereon by 

20 using a laminator employing two rolls arranged to have a spacing of 400 \i, so that the surface not subjected to an 
adhesion facilitating treatment was in contact with the surface coated with the resin liquid B. Then, irradiation with 
ultraviolet rays with a dose of 700 mj/cm 2 was carried out by a high pressure mercury lamp (1 20 mW/cm 2 , the distance 
from the light source to the irradiated plane: 150 mm, line speed: 2.0 m/min) through the covering material, then the 
covering material was separated. As a result, a transparent resin layer having a thickness of 0.2 mm, having no tuck 

25 and having high smoothness was formed on the transparent substrate. 

[0121] Then, an interlayer and an antireflection layer were formed on the transparent resin layer in the same manner 
as in Step (c) of Example 1 . 

[01 22] A color tone correcting layer was formed on the other side of the transparent substrate made of a polyethylene 
terephthalate film opposite from the side on which the transparent resin layer and the antireflection layer were formed, 
30 in the same manner as in Step (a) of Example 1 , to obtain an optical film. 

COMPARATIVE EXAMPLE 1 

[0123] An optical film was produced in the same manner as in Example 1 except that no color tone correcting layer 
35 was formed, and a colorant was contained in a transparent resin layer made of a photo-curable resin having a self- 
healing property. 

[0124] First, 70 parts by mass of a non-yellowing type urethane acrylate (UF-8001 , tradename, manufactured by 
Kyoeisha Chemical Co., Ltd.) and 30 parts by mass of tripropylene glycol diacrylate (ARONIX M220, tradename, man- 
ufactured by Toagosei Co, Ltd.) were mixed to obtain a uniform resin liquid. To this resin liquid, 6 parts by mass of a 
40 red dye (RED MP-FW, tradename, manufactured by Avecia, Ltd.), 7 parts by mass of a blue dye (Blue AP-FW, trade- 
name, manufactured by Avecia, Ltd.) and 3 parts by mass of benzophenone, per 100 parts by mass of the resin 
component were added and mixed to obtain a colored photo-curable resin liquid E. 

[0125] A transparent substrate made of a polyethylene terephthalate film having a thickness of 1 00 u,m was coated 
with the colored photo-curable resin liquid E by a bar coater, followed by irradiation with ultraviolet rays under the same 
45 condition as in Step (b) of Example 1 , whereupon a tuck was formed on the colored transparent resin layer and the 
curing was not sufficient. Then, irradiation with ultraviolet rays with a dose of 600 mj/cm 2 was further carried out to 
form a colored transparent resin layer having a thickness of 0.2 mm without a tuck. 

[0126] An antireflection layer was formed on the colored transparent resin layer in the same manner as in Step (c) 
of Example 1 to obtain an optical film. 

50 

COMPARATIVE EXAMPLE 2 

[0127] An optical film was produced in the same manner as in Example 1 except that a thermosetting urethane resin 
having a self-healing property was used as a material for the transparent resin layer Instead of the photo-curable resin 
55 having a self-healing property. 

[0128] Namely, a color tone correcting layer was formed in the same manner as In Step (a) of Example 1 , and a 
transparent resin layer made of a thermosetting polyurethane resin was formed by the following method. First, a blend 
composition as identified In Table 1 was heated at 80°C for 3 hours for melting, and mixed by stirring to obtain a uniform 
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liquid I. Separately, a blend composition as identified in Table 2 was heated at 80°C for 3 hours for melting, and mixed 
by stirring to obtain a uniform liquid II. The liquid I and the liquid II were mixed with a mass ratio of 40:60. Then, the 
color tone correcting layer formed as mentioned above was coated with the mixture of the liquid I and the liquid II by 
a bar coater, and made to pass through an oven having its temperature adjusted to 1 20°C for 1 0 minutes to complete 
5 a reaction of the liquid I with the liquid II. Then, curing was carried out in an oven having its temperature adjusted to 
60°C for 15 hours to form a transparent resin layer having a thickness of 0.2 mm. 

[0129J An antiref lection layer was formed on the transparent resin layer in the same manner as in Step (c) of Example 
1 to form an optical film. 

w Table 1 



Liquid I 


Polycaprolactonetrioi with a hydroxy! value of 196.4 


78.2 parts by mass 


Polycaprolactonetriol with a hydroxyl value of 540.3 


19.6 parts by mass 


Silicone type extender *1 


0.5 part by mass 


Antioxidant *2 


0.5 part by mass 


Ultraviolet ray absorbent *3 


0.7 part by mass 


Light stabilizer *4 


0.5 part by mass 



M BYK-300, tradename, manufactured by Byk-Chemle Japan K.K. 

•2 IRGANOX 1010, tradename, manufactured by Clba Geigy 

"3 TINUVIN 328, tradename, manufactured by CEba Geigy 

•4 MARK LA-77, tradename, manufactured by Asahl Denka Kogyo K.K. 

25 



Table 2 



Liquid II 


Isocyanurate-modified hexamethyleneisocyanate having an isocyanate group content of 
21.4% 


100 parts by mass 


Dibuthyttin dilaurate 


0.001 part by mass 



3s Evaluation of optical film 

[0130] With respect to the optical film obtained in each of above-mentioned Examples, an increase of the haze value 
was measured in order to evaluate scratch resistance. 

[0131] The increase of the haze value is used as an index of the scratch resistance and is "a value (%) expressed 
4Q by {{a haze value after abrasion test) - (a haze value before abrasion test)} when a Taber abrasion test was carried 
out by employing CS-1 OF as truck wheels under a load of 500g at 23°C under a relative humidity of 50% for 1 00 cycles". 
With regard to an optical film, there is no problem if the haze value increase is at most 3%. 

[0132] The measurement results of the haze value increase are shown in Table 3. The measurement of the haze 
value was carried out at four points on the abrasion cycle track, and the average value was calculated. 

45 [0133] With respect to the optical film obtained in each of the above-mentioned Examples, deterioration of the colorant 
was evaluated by a method as follows. Immediately after the formation of the color tone correcting layer, and immedi- 
ately after the formation of the transparent resin layer, a spectral transmittance was measured by a spectrophotometer 
to obtain the difference in the transmittance. As the deterioration of the colorant by ultraviolet ray irradiation develops, 
the difference in the transmittance increases. The results are shown in Table 3. 

^ [0134] Further, in each of the above-mentioned Examples, the density of the transparent resin layer was measured 
before and after the curing of the transparent resin layer, and the cure shrinkage ratio was calculated. The results are 
shown in Table 3. 

[0135] Further, a self-healing degree of the transparent resin layer was measured in each of the above-mentioned 
Examples. The results are shown in Table 3. 
55 [0136] In Table 3, the transmittance of the optical film obtained in each of the above-mentioned Examples, and the 
dose of ultraviolet ray Irradiation (UV irradiation dose) at the time of forming the transparent resin layer are also shown. 
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55 

[0137] As shown in Table 3, the reflectance and scratch resistance of the optical film were good in all Examples. In 
Comparative Example 1 , a large amount of ultraviolet ray irradiation was required to cure the transparent resin layer, 
and the deterioration of the colorant was significant. In Comparative Example 2 wherein a thermosetting urethane resin 
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was used, not only it took very long time to form the transparent resin layer, but the deterioration of the colorant was 
also significant. 

[0138J As described above, according to the present invention, an optical film having an antiref lection property and 
having an optical correcting property such as near infrared ray absorption or color tone correction of visible light can 
5 be obtained with good productivity. 



Claims 

w 1. An optical film which comprises a transparent resin layer (1) made of a photo-curable resin having a self-healing 
property, an antireflection layer (2) present on one side of the transparent resin layer (1 ), and a color tone correcting 
layer (3) containing a colorant which has a color tone correcting property, present on the other side of the trans- 
parent resin layer (1) opposite from the antireflection layer (2). 

*5 2. The optical film according to Claim 1 , wherein the color tone correcting layer (3) further contains a colorant which 
has a near infrared ray absorption property. 

3. The optical film according to Claim 1 or 2, wherein the antireflection layer (2) is made of a non-crystalline fluor- 
opolymer. 

20 

4. The optical film according to Claim 3, wherein the non-crystalline fluoropolymer is a polymer having a fluorine- 
containing alicyclic structure. 

5. The optical film according to any one of Claims 1 to 4, wherein an interlayer having a refractive index higher than 
25 that of the transparent resin layer (1 ) is present between the transparent resin layer (1 ) and the antireflection layer 

(2). 

6. The optical film according to Claim 5, wherein the interlayer is a layer made of a resin having a refractive index 
higher than the refractive index of the transparent resin layer, a layer made of a metal oxide having a refractive 

30 index higher than the refractive index of the transparent resin layer, or a layer containing a metal oxide having a 

refractive index higher than the refractive index of the transparent resin layer. 

7. A process for producing the optical film as defined in any one of Claims 1 to 4, which comprises laminating, on a 
transparent substrate, a color tone correcting layer (3) containing a colorant which has a color tone correcting 

35 property, a transparent resin layer (1 ) made of a photo-curable resin having a self-healing property, and an antire- 

flection layer (2), in this order. 

8. A process for producing the optical film as defined in Claim 5 or 6, which comprises laminating, on a transparent 
substrate, a color tone correcting layer (3) containing a colorant which has a color tone correcting property, a 

^o transparent resin layer (1) made of a photo-curable resin having a self-healing property, an interlayer having a 

refractive index higher than the refractive index of the transparent resin layer (1), and an antireflection layer (2), 
in this order. 

9. A process for producing the optical film as defined in any one of Claims 1 to 4, which comprises laminating, on 
one side of a transparent substrate, a transparent resin layer (1) made of a photo-curable resin having a self- 
healing property, and an antireflection layer (2) in this order, and forming a color tone correcting layer (3) containing 
a colorant which has a color tone correcting property on the other side of the transparent substrate. 

A process for producing the optical film as defined in Claim 5 or 6, which comprises laminating, on one side of a 
transparent substrate, a transparent resin layer (1) made of a photo-curable resin having a self-healing property, 
an interlayer having a refractive index higher than the refractive index of the transparent resin layer (1), and an 
antireflection layer (2) In this order, and forming a color tone correcting layer (3) containing a colorant which has 
a color tone correcting property on the other side of the transparent substrate. 
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